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Effects on ventricular arrhythmias of oral
captopril and of oral mononitrate started early in
acute myocardial infarction: results of a
randomised placebo controlled trial

Athanase Pipilis, Marcus Flather, Rory Collins, Allister Hargreaves, Theophilos Kolettis,
Nicholas Boon, Clare Foster, Paul Appleby, Peter Sleight

Abstract
Objective-To assess the effects of oral

vasodilator treatment on ventricular
arrhythmias in acute myocardial infarc-
tion.
Setting-Coronary care units at the

John Radcliffe Hospital, Oxford, and the
Royal Infirmary, Edinburgh.
Patients-100 patients with suspected

acute myocardial infarction entered the
study at a mean of 13 hours from symptom
onset.
Design of Intervention-Double blind

randomisation to 4 weeks' treatment with
captopril (12.5 mg three times a day after
a 6-25 mg test dose (n = 32)) or isosorbide
mononitrate (20 mg three times a day (n =
31)) or placebo control (n = 37).
Outcome measures-Ventricular arrhy-

thmic events assessed by 48 hours of
Holter monitoring starting at the time of
randomisation.
Results-The number of ventricular

extrasystoles/hour for captopril, mono-
nitrate, and placebo was respectively
(median and range) 6 (0-162), 4 (0-38),
and 10 (0-932) (2p < 0-02 mononitrate v
placebo). The number of episodes of mul-
tiple extrasystoles/hour was 0-2 (0-22), 0-3
(0-4), and 0-5 (0-19); (2p < 0-02 mono-
nitrate v placebo). Episodes ofventricular
tachycardia showed a non-significant
decrease in the captopril and mononitrate
groups (mean (SEM) 3'2 (0.8), 2-4 (0.7),
and 4*7 (1.3) for the 48 hour period). The
incidence of idioventricular rhythm was
also reduced in both active treatment
groups (28%, 190/o, and 46% (2p < 0-05
mononitrate v placebo)).
Conclusions-Oral mononitrate (and

perhaps also captopril) seems to reduce
the incidence of ventricular arrhythmias
in the early phase of acute myocardial
infarction. The effects on life-threatening
arrhythmias, such as ventricular fibrilla-
tion, and on death can only be assessed in
a much larger trial.

(Br HeartJ7 1993;69:161-165)

The renin-angiotensin system is activated dur-
ing the first few days after acute myocardial
infarction, ' 2 leading to stimulation of the heart
and to increased systemic and coronary vas-
cular resistance.3 Increases in systemic vas-

cular resistance may increase myocardial wall
stress, predisposing to infarct expansion,
aneurysm, or progressive ventricular dilatation
during the recovery phase after infarction.4 5
Moreover, both in experimental models and in
clinical studies, increases in wall stress have
been shown to increase the frequency of
ventricular arrhythmias, whereas a reduction
in wall stress has the opposite effect.6 7 Studies
of patients in whom treatment with angio-
tensin converting enzyme inhibitors8 '° and
nitrates" was started after acute myocardial
infarction indicate that these agents can reduce
systemic vascular resistance in acute myo-
cardial infarction with favourable effects on the
remodelling process. Intravenous glyceryl tri-
nitrate can also reduce ventricular arrhythmias
after acute myocardial infarction,'2 13 and sim-
ilar observations have been made with angio-
tensin converting enzyme inhibitors among
patients with congestive heart failure.'4
There have, however, been no controlled
studies of the effects of oral nitrates or of
angiotensin converting enzyme inhibitors on
arrhythmias in acute myocardial infarction. In
the present study, therefore, 48 hour Holter
monitoring was carried out as part of a
randomised placebo controlled trial of oral
captopril versus oral isosorbide mononitrate
versus placebo control in patients with sus-
pected myocardial infarction (ISIS-4 Pilot
Study).

Patients and methods
PATIENTS

Between September 1988 and July 1990, 273
patients with suspected acute myocardial
infarction admitted to the coronary care units
of the John Radcliffe Hospital and the Edin-
burgh Royal Infirmary were randomised in a
placebo controlled study of oral captopril (an
initial dose of 6-25 mg followed two hours later
by 12-5 mg and then by 12-5 mg three times a
day) versus isosorbide mononitrate (an initial
dose of 20 mg followed by 20 mg three times a
day) versus matching placebo, with trial treat-
ment continued for four weeks. Patients were
eligible if symptoms of suspected acute myo-
cardial infarction had started less than 36
hours before and there were no clear indica-
tions for, or contraindications to, oral convert-
ing enzyme inhibitors or oral nitrates (for
example, cardiogenic shock, persistent severe
hypotension, or severe fluid depletion) and no
major life-threatening condition other than
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myocardial infarction. Eligible patients were
randomised by a central 24-hour telephone
randomisation service which allocated a spe-
cific trial pack, containing calendar-packed
trial treatment, after all baseline data for the
patient had been recorded. Apart from com-
plying with trial treatment and avoiding non-
trial converting enzyme inhibitors and nitrates
unless considered clearly indicated, physicians
managed patients entirely at their own discre-
tion.

RECORDING AND ANALYSIS OF ARRHYTHMIAS
Holter tape recorders were available to start 48
hour electrocardiographic recording at the
time of randomisation in 110 patients. After
the usual skin preparation, CM5 and modified
II leads were recorded by Oxford Medilog MR
35FM two-channel recorders (John Radcliffe
Hospital) or the CM5 lead alone was recorded
by Oxford Medilog MR 14A single-channel
recorders (Edinburgh Royal Infirmary). The
electrocardiographic analysis was performed
by an Oxford Medilog 3000FM analyser for
the two-channel tapes and an Oxford Medilog
Excell analyser for the single-channel tapes. All
analysis was done by the same operator (AP),
without any knowledge of the patient's treat-
ment regimen. A hundred tapes were of
adequate quality for reliable analysis. Arrhyth-
mic events were recorded for each hour, with
QRS triggering and detection of extrasystoles
checked visually, and the following definitions
were used:
Ventricular extrasystoles-Abnormal QRS shaped
beats without a preceding P wave.
Multiple extrasystoles-Two or three consec-
utive ventricular extrasystolic beats with a rate
< 110/min.
Idioventricular rhythm-Four or more consec-
utive ventricular extrasystoles of the same
configuration with a rate < 11 0/min.
Ventricular tachycardia-Three or more consec-
utive ventricular extrasystoles with a rate
> 1 1 0/min.
Arrhythmia frequency is much higher during

the first few hours after the onset of infarction.
For each patient, therefore, the numbers of
ventricular extrasystoles/hour, of multiple
extrasystole episodes/hour, and of ventricular
tachycardia episodes, and the incidence (% of
patients) of arrhythmias were calculated not
just for the whole 48 hour period but also for
the first six hours.

STATISTICAL ANALYSIS

Values are presented as means (SEM), median
(and range), or percentages as appropriate.
Because the number of ventricular extra-
systoles is not normally distributed in patients
with acute myocardial infarction (with individ-
ual values for a 24 hour period ranging from
just a few to some tens of thousands that is,
distribution skewed to the right) these values
were logarithmically transformed for statistical
comparisons. Analysis of variance was used to
compare the frequency of arrhythmic events in
the three treatment groups and only if the p
value was less than 0 05 were two-way compar-
isons carried out by Student's unpaired t test.

The incidence of ventricular arrhythmias was
compared by the x2 test.

Results
PATIENT CHARACTERISTICS
Baseline pre-randomisation characteristics
were similar in all three groups (table 1): 84%
of patients were male, the mean (SEM) age
was 61 (2) years, the mean systolic blood
pressure was 127 (2) mm Hg (with no patients
with entry systolic pressure persistently below
100 mm Hg), and the mean heart rate was 75
(2) beats per minute (with only five patients
with an entry heart rate above 100 beats per
minute). Patients were randomised at a mean
of 13 (1) hours from the onset of symptoms of
suspected acute myocardial infarction and
85% had ST segment elevation on the initial
electrocardiogram (36% in anterior leads, 47%
in inferior leads alone, and 2% in both or other
leads). There were slightly more patients with
anterior wall infarcts in the captopril group,
though this excess was not statistically sig-
nificant. After randomisation, infarction was
confirmed by diagnostic electrocardiographic
or enzyme criteria in 98% of patients. Com-
pliance with trial treatment during-the 48 hour
period of Holter monitoring was equally good
in the three groups (94%). There were no
significant differences in non-trial medication
between the groups, with antiplatelet therapy
used in 95%, fibrinolytic therapy in 92%,
intravenous nitrates in 22%, oral fi blockers in
28% and antiarrhythmic agents in 10% of
patients. None of the patients received non-
trial oral nitrate or converting enzyme inhib-
itor.

VENTRICULAR ARRHYTHMIAS

During the whole 48 hour monitoring period,
ventricular extrasystoles were significantly less
frequent among patients allocated to nitrate
than among patients allocated to placebo
(Table 2 and fig lA; 2p < 0 02 for the
comparison with placebo), and less frequent in
the captopril group too, though not sig-
nificantly (2p = 0-08 for the comparison with
placebo). The frequency of ventricular extra-
systoles was higher in the first six hours of
recording, but even during this period trial
treatment seemed to be associated with a lower
frequency of ventricular extrasystoles (analysis
of variance p = 006; 2p < 0 05 for nitrate v
placebo and 2p = 0 09 for captopril v placebo).
Similarly, the frequency of multiple extra-
systoles during the 48 hour monitoring period,
was significantly less in the nitrate group (table
2 and figure iB; 2p < 0-02 for the comparison
with placebo) with a non-significant trend in
the same direction in the captopril group. The
numbers of episodes of ventricular tachycardia
were lower, though not significantly, in the
active treatment groups than in the placebo
group (table 2 and figure 1 C). All of these
episodes were non-sustained, with the one
patient who had ventricular fibrillation (capto-
pril group) being successfully defibrillated and
discharged alive.
There were no significant differences in the

162



Effects on ventricular arrhythmias of oral captopril and of oral mononitrate started early in acute myocardial infarction

Table I Clinical characteristics ofpatients with analysable Holter monitoring

Captopril Nitrate Placebo
(n =32) (n =31) (n =37)

Pre-randomisation data (mean (SEM)):
Age (yr) 59 (2) 60 (2) 62 (1)
Male (%) 27 (84) 26 (83) 31 (84)
Systolic BP (mmHg) 128 (3) 128 (3) 126 (2)
Heart rate (bpm) 73 (3) 74 (2) 76 (2)
Hours from pain onset 13 (1) 13 (1) 12 (1)
Electrocardiogram (%):
ST elevation anterior 15 (47) 10 (32) 11(30)
ST elevation inferior 12 (38) 16 (52) 19 (51)
ST elevation other 1 (3) 1 (3) 0 (0)
No ST elevation 4 (12) 4 (13) 7 (19)

Post-randomisation data:
Infarction confirmed (%) 32 (100) 30 (97) 36 (97)
Peak enzyme (AST(U/1)(SEM) 318 (44) 337 (59) 299 (37)

Non-trial treatment during first 48 h (%):
Antiplatelet 31 (97) 29 (94) 35 (94)
Fibrinolytic 28 (88) 30 (97) 34 (91)
Intravenous nitrate 6 (19) 4 (13) 11(30)
Oral , blocker 8 (26) 7 (23) 13(35)
Antiarrhythmic 5 (17) 1 (3) 4 (11)
Diuretic 9 (28) 10 (33) 9 (24)

AST, aspartate aminotransferase; BP, blood pressure.There were no significant differences
between the groups.

number of patients who had ventricular extra-
systoles, multiple extrasystoles, or ventricular
tachycardia (table 3). Significantly fewer
nitrate allocated patients had at least one
episode of idioventricular rhythm (table 3, 2p
< 005 for the comparison with placebo). The
mean heart rate during the whole 48 hour
period of monitoring was slightly higher in the
captopril and nitrate groups than in the pla-
cebo group (74 (2), 74 (2), and 68 (2) beats
per minute respectively; 2p < 005 for each
comparison of active treatment v placebo).

Discussion
Cardiac arrhythmias are common early after
the onset of acute myocardial infarction.16 17
The mechanisms by which myocardial infarc-
tion leads to arrhythmias are not, however,
fully understood. Both coronary artery occlu-
sion and reperfusion can cause myocardial
excitability.'8The adrenergic and renin-angio-
tensin systems are activated in acute myo-
cardial infarction,' 2 and in experimental'9 and
clinical20 studies positive correlations have
been reported between high catecholamines
concentrations and the occurrence of ven-
tricular arrhythmias. This may in part be the
result of activation of the renin-angiotensin
system producing increases in blood pressure
and in myocardial wall stress, both of which
have been shown to cause arrhythmias.6 7
The overall prognostic significance of ven-

tricular extrasystoles is unclear.2' It had been
thought that extrasystoles might herald the

Table 3 Percentage ofpatients with ventricular
arrhythmias recorded on Holter monitoring

Captopril Nitrate Placebo
Arrhythmia (n = 32) (n = 31) (n = 37)

Ventricular extrasystoles 100 100 100
Multiple extrasystoles 69 81 81
Ventricular tachycardia 53 55 57
Idioventricular rhythm 28 19* 46

* 2p < 0 05 for the comparison with placebo.

onset of ventricular tachycardia or fibrilla-
tion.22 Consequently, various antiarrhythmic
agents have been used to suppress ventricular
extrasystoles early after acute myocardial
infarction.23The prophylactic use of lignocaine
has been shown to reduce the incidence of
ventricular fibrillation after myocardial infarc-
tion, but this does not seem to be associated
with any decrease in mortality (and lignocaine
may even have an adverse effect on survival24).
Ventricular arrhythmias are much less com-
mon in the later recovery phase of myocardial
infarction, but frequent ventricular extrasys-
toles may nevertheless carry an adverse prog-
nosis.25 Recent evidence from the CAST
study, however, does not support the prophy-
lactic suppression of asymptomatic ventricular
extrasystoles with flecainide, encainide, or
moricizine-all of which were associated with
an increased mortality in this setting." 2
There is, therefore, little evidence at present to
support the prophylactic use of class I antiar-
rhythmic agents either in the early or late
phases of myocardial infarction. In contrast, fi

blockers, which can block catecholamine stim-
ulation of the heart and reduce blood pressure,
have been shown in several controlled studies
in humans not only to prevent ventricular
arrhythmias (including ventricular fibrillation)
but also to improve survival when used after
myocardial infarction.28-30 This suggests that
effects other than just direct antiarrhythmic
properties of blockers may be important in
preventing life-threatening arrhythmias during
and after myocardial infarction.
The aim of the present Holter monitoring

study was to provide controlled evidence about
the effects of oral nitrates and oral converting
enzyme inhibitors on ventricular arrhythmias
early after acute myocardial infarction. Pre-
vious small studies of intravenous nitrates in
acute myocardial infarction indicated that such
treatment may reduce the incidence of ven-

tricular arrhythmias in the early phase of
myocardial infarction.'2" Experimental work

Table 2 Frequency of ventricular arrhythmias (mean (SEM) and median (range))

0-6 h 6-48 h AU periods

Captopril Nitrate Placebo Captopril Nitrate Placebo Captopril Nitrate Placebo
Arrhythmia (n = 32) (n = 31) (n = 37) (n = 32) (n = 31) (n = 37) (n = 32) (n = 31) (n = 37)

VE h 36 (13) 15 (3) 139 (47) 13 (6) 5 (1) 54 (29) 16 (6) 7 (1)** 65 (27)
6 (0-398) 10 (0-100) 17 (0-1202) 4 (0-181) 3 (0-24) 7 (0-1040) 6 (0-162) 4 (0-38) 10 (0-932)

Mult/h 7 (4) 1 (0 2) 13 (5) 1 (1) 0-3 (0 1)* 1 (0-3) 2 (1) 0-4 (0 1)** 3 (1)
0-3 0-7 (0-5) 1 (0-144) 0.1 0 1 (0-4) 0-5 (0-8) 0-2 0 3(0-4) 0-5
(0-131) (0-24) (0-22) (0-19)

VT 1-7 (0 5) 1-1 (0-3) 2-4 (0 8) 1-5 (0 4) 1-3 (0-4) 2-3 (0-7) 3-2(0 8) 2-4 (0 7) 4-7 (1-3)
0 (0-12) 0 (0-7) 0 (0-18) 0 5 (0-9) 0 (0-10) 0 (0-15) 1 (0-16) 1 (0-14) 1 (0-33)

Mult, multiple extrasystoles; VE, ventricular extrasystoles; VT, ventricular tachycardia, * 2p < 0 05 and ** 2p < 0-02 nitrate v
placebo (two-way comparisons were performed only where analysis of variance was p < 0 05).
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to 48 hours, and the whole period of Holter monitoring:
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scale); (B) episodes of multiple extrasystoles per hour (on
a logarithmic scale); (C) episodes of ventricular
tachycardia. (*2p < 0 05, **2p < 0-02 nitrate v placebo;
two-way comparisons were performed only where analysis
of variance showed p < 0 05).

in a pig model of ischaemic heart disease
showed that converting enzyme inhibitors also
reduced the likelihood of ventricular fibrilla-
tion early after reperfusion and that ventricular
tachycardia was less inducible in the chronic
phase.3' In the present study, the frequency of
arrhythmias was lower among patients allo-
cated to oral nitrate and among those allocated
to oral captopril than in the placebo group,
although these differences were only conven-

tionally significant for the nitrate group. There
is no clear evidence for any direct electro-
physiological properties of either nitrates or

captopril32 so any reduction in arrhythmias
may be mediated mainly through their vasodi-
lator properties, perhaps by a reduction in
blood pressure and myocardial wall stress.
Other mechanisms that have been suggested
include salvage of ischaemic myocardium,
improved ventricular function, reversal of elec-
trolyte deficits, and benefits on coronary flow,

but as yet there is little evicience in patients to
substantiate these hypotheses. The apparent
absence of any greater effect on arrhythmias of
captopril compared with nitrate suggests that
the potential antiadrenergic effects of convert-
ing enzyme inhibitors do not have an impor-
tant role in reducing arrhythmias. Converting
enzyme inhibitors and nitrates have previously
been shown to have promising haemodynamic
effects and to produce improvements in ven-
tricular remodelling after acute myocardial
infarction.8" These effects coupled with the
present observations of a reduction in ven-
tricular arrhythmias underline the need to
determine directly whether these agents
improve early and long term survival. This is
currently being assessed in several large studies
including ISIS-4.33
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